Abstract-Previously diagnosed diabetes mellitus, newly diagnosed diabetes mellitus, and impaired glucose tolerance are important determinants of the risk of clinical cardiovascular disease (CVD). We have evaluated the relation of patients with subclinical CVD, diabetes, and impaired glucose tolerance and "normal" subjects and the risk of clinical CVD in the Cardiovascular Health Study. Diabetes (1343), impaired glucose tolerance (1433), and normal (2421) 
P
reviously diagnosed diabetes mellitus (DM), newly diagnosed DM, and impaired glucose tolerance (IGT) are important determinants of the risk of clinical cardiovascular disease (CVD). 1, 2 The basis for excess risk of CVD among diabetics has not been completely determined. First, there is a high prevalence of atherosclerosis among diabetic compared with nondiabetic individuals. 3 Second, diabetics are at increased risk for thrombosis formation, decreased fibrinolysis, and enhanced inflammatory response. 4 Third, glycosylation of proteins may also affect arterial wall physiology and risk of disease. 5 There is a high prevalence of subclinical atherosclerosis among older diabetic and nondiabetic individuals. 6 -9 Markers of subclinical disease are associated with an increased risk of cardiovascular morbidity and mortality. 10, 11 Haffner et al 12 have suggested that the higher prevalence of atherosclerosis among diabetics begins before the onset of clinical diabetes.
In the Cardiovascular Health Study (CHS), we have previously reported that participants with diabetes had a increased risk of incident myocardial infarction (MI), 13 stroke, 14 and congestive heart failure (CHF). 15 We have previously reported that participants with diabetes and IGT by World Health Organization (WHO) criteria had a higher prevalence of measures of subclinical disease than did "normal" subjects in the CHS. 16 We have evaluated the prevalence of diabetes in the CHS on the basis of either the new American Diabetes Association (ADA) or WHO criteria. Diabetes prevalence was based on WHO compared with ADA criteria. 17 The attributable risk of MI, stroke, or death was greater on the basis of WHO criteria rather than ADA criteria. 17 This analysis, however, did not include measures of subclinical disease.
The CHS provides a unique opportunity to test the hypothesis that the excess risk of CVD among older diabetics (Ͼ65 years) was primarily due to their higher prevalence of subclinical atherosclerosis. We have also tested whether the presence of subclinical CVD subsumes the role of many of the traditional cardiovascular risk factors that are involved in the pathogenesis of clinical CVD. a defined sample of Medicare beneficiaries aged Ͼ65 years. There were 5201 participants in the original sample: 2955 women and 2246 men. The initial sample was recruited in 1989 to 1990. In 1992 to 1993, a new cohort of 248 black men and 428 black women was added to the study and was combined with 153 black women and 91 black men in the original sample. The new "black cohort" was recruited in the same manner as the original cohort and has similar risk factors and prevalence of subclinical disease as the original "black" sample. 6 Baseline examination included a home interview and physical examination in the clinic.
Prevalent CVD was defined at baseline of the study by self-report and subsequent validation from clinical records, history, and the like. 6,16,18 -20 Subclinical disease in the CHS was previously defined as any of the following for participants who did not have prevalent clinical disease at baseline: an ankle-arm index Յ0.9, internal carotid artery wall thickness Ͼ80th percentile, common carotid artery wall thickness Ͼ80th percentile, carotid stenosis Ͼ25%, major ECG abnormalities (based on the Minnesota code), and a Rose Questionnaire positive for claudication or angina pectoris in the absence of clinical diagnosis of angina pectoris or claudication. 6, 16 Participants with evidence of silent MI based on Minnesota Code Q waves at baseline examination were included with clinical and not subclinical disease. Major ECG abnormalities based on the Minnesota Code have previously been reported to be associated with a substantial excess risk of clinical CVD, morbidity, and mortality and could be classified as "clinical disease," although the participants are not normally treated for these ECG abnormalities. 21 In a prior study, we have shown that exclusion of major ECG abnormalities from the category of subclinical disease does not affect the association of subclinical disease compared with the absence of subclinical disease and the subsequent risk of coronary heart disease. 10 The echocardiogram abnormalities were not included in the definition of subclinical disease in the present study because they were not included at the baseline examination (1992 to 1993) for the "new" black sample. 6 The participants with subclinical disease at baseline were not being treated for CVD, nor did they have any clinical diagnosis of CVD. The combination of the various measures of subclinical disease was developed because of the high correlation of the various measures of subclinical disease.
At the baseline clinic visit, a blood sample was obtained on study participants after a 9-hour fast. Blood was collected early during the study visit and then 2 hours after the participants drank a 75-g oral glucose load. 22 Known diabetic participants using insulin or oral hypoglycemic agents were excluded from the 2-hour glucose challenge. The new black sample did not have an oral glucose tolerance test at the time of their baseline examination in 1992 to 1993 and are included in the diabetes group on the basis of their history of diabetes or new diabetes as indicated by fasting blood glucose levels. The fasting blood glucose and the 2-hour glucose measurements were performed with a Kodak Ektacham 700 Analyzer (Eastman Kodak Corp). 22 The CHS criteria for diagnosis of diabetes was based on WHO criteria: a fasting blood glucose level Ն140 mg% or a 2-hour glucose level after a 75-g glucose challenge of Ͼ200 mg%. IGT was considered a fasting glucose level Յ140 mg% and a 2-hour glucose level Ն140 mg but Ͻ200 mg%; normal was considered fasting glucose and 2-hour oral glucose levels of Ͻ140 mg% and no history of diabetes or self-reported use of oral hypoglycemic agents or insulin. 23 We have also compared the association of subclinical disease with clinical disease among newly diagnosed diabetics on the basis of new ADA 23 (fasting glucose Ն126 mg%) and WHO 24, 25 criteria. Microvascular disease, such as microalbuminuria and retinopathy, were not measured until later in the study and are not included in the analysis.
The 7 primary end points for the CHS 26 were MI, angina pectoris, CHF, peripheral vascular disease, stroke, transient ischemic attack, and all-cause mortality. Event ascertainment followed a detailed protocol at each of the field centers. 26 Events were reviewed independent of CHS records and of the results of measurement of subclinical disease.
Most analyses reported in the present study are limited in focus to those CHS participants without clinical CVD at the time of study entry. Median follow-up time was 6.5 years for deaths and 6.4 years for nonfatal events. The follow-up of CHS participants has been excellent at 10 years: 95% of the CHS cohort alive are in the follow-up, and only 4% have refused further evaluation.
Statistical Methods
Associations of cardiovascular and total deaths and cardiovascular event outcomes with diabetes status and subclinical disease were assessed by using Cox proportional hazards regression procedures. 27 All relative risks presented were adjusted for age, sex, and race (black and nonblack). Stepwise Cox regression procedures were used to identify statistically significant (PϽ0.05) predictors of death, CVD death, incident CHD, and MI only among diabetic participants from a set of known CVD risk factors, including subclinical CVD, past or present cigarette smoking, hypertension (defined as systolic blood pressure Ն140 mm Hg or diastolic blood pressure Ն90 mm Hg or use of any antihypertensive medication), C-reactive protein (log-transformed), LDL cholesterol, HDL cholesterol, triglycerides, body mass index, waist circumference, fibrinogen, creatinine, and fasting glucose. These analyses also included adjustment for age, sex, and race. In addition to these stepwise regression models, Cox regression models containing all of the abovementioned CVD risk factors and time to event were used to obtain fully adjusted estimates for the relative risk of CVD among diabetic participants associated with each risk factor.
Results

Characteristics of the Population
The overall prevalence of diabetes (25%) was slightly higher for black women (29%) than for black men (26%), white men (24%), and white women 22% (Table 1) . Fasting glucose and 2-hour glucose levels were similar by age group within categories of normal, IGT, and DM. There were 1343 with diabetes at baseline, of which 502 (38%) were on pharmacological therapy, including 362 (27%) on oral hypoglycemic agents, 128 (10%) on insulin, and 12 (1%) on both oral hypoglycemic agents and insulin. The duration of diabetes, always difficult to ascertain, was not determined at the baseline examination in the CHS. Diabetic participants had a higher prevalence of both clinical and subclinical CVD at baseline (Pϭ0.001, Table 1 ). Diabetic participants also had a higher prevalence of hypertension by history; elevated systolic blood pressure, body mass index, waist circumference, C-reactive protein, triglyceride, and fibrinogen levels; and lower HDL cholesterol ( Table 1) . The associations were similar for men and women.
Among diabetic participants only, newly diagnosed or with a history of diabetes at baseline, those with subclinical or clinical disease were older, more likely to be men, more likely to be hypertensive, and more likely to have higher systolic blood pressure levels, higher fibrinogen levels, higher blood creatinine levels, and lower HDL cholesterol levels than those without any evidence of either subclinical or clinical CVD at baseline (Table I; Tables I through IV can be found online only at http://atvb.ahajournals.org/cgi/content/full/20/3/823/DC1).
Incidence of CVD and Mortality
The all-cause mortality rate per 1000 person years was strongly associated (Pϭ0.001) with diabetes or IGT and the prevalence of clinical or subclinical disease (Figure 1 ). The relative risk of death (adjusted for age, race, and sex) associated with the presence of diabetes and clinical disease was 5.3 (CI 3.9 to 7.2), and that associated with subclinical disease was 2.3 (CI 1.7 to 3.2) compared with the risk of death associated with neither diabetes nor subclinical disease (Table II, online) .
The incidence of CHD (including MI and angina) cases over the 6.4-year follow-up was higher in diabetic participants and those with IGT. However, the increase in incident disease risk was largely confined to those with prevalent subclinical CVD at baseline (Figure 2) . The relative risk for diabetes and subclinical disease was 2.5 (CI 1.9 to 3.4), and that for diabetes with no subclinical disease was 1.3 (CI Ϫ0.8 to 2.0) compared with the relative risk associated with no diabetes and no subclinical disease (Table II, online) .
The risk for incident stroke (fatal and nonfatal, Figure 2 ) was elevated for diabetic participants with (relative risk 4.1, CI 2.6 to 6.7) and without (relative risk 2.5, CI 1.3 to 4.8) subclinical disease at baseline. Only those with IGT with prevalent subclinical CVD at baseline had increased risk of stroke (relative risk 2.3, CI 1.4 to 3.8). A similar pattern was seen for CHF (Table II, online) .
The hypertensives (64% of the CHS cohort) had much higher rates of stroke and CHF. The risk of stroke was only 2.2 per 1000 person years for participants without a history of hypertension or diabetes and no subclinical disease, and the risk of stroke was 25 per 1000 person years (nϭ57 strokes) for diabetics and hypertension with subclinical disease, a 12-fold difference. Approximately 25% of all strokes in the CHS study occurred among the high-risk group, those with Data are for 5197 CHS participants with complete information on WHO diabetes status. Fasting and 2-hour glucose tolerance test results were required to be classified as IGT or normal; thus, members of the new minority cohort are not included in these groups. Self-reported history of diabetes, use of diabetes medications (insulin or oral hypoglycemics), and fasting glucose or 2-hour glucose tolerance tests were used to classify participants as diabetic; this group includes minority cohort members with history of diabetes, use of diabetes medications, or fasting glucose level Ͼ140.
*Differences in race according to diabetes status are mostly attributable to unavailability of 2-hour oral glucose test results for the minority cohort, preventing their inclusion in the normal and IGT groups, but not the diabetic group as described above.
†Hypertension is defined as systolic blood pressure Ն140 mm Hg or diastolic blood pressure Ն90 mm Hg or current use of any antihypertensive medications.
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diabetes, hypertension, and subclinical disease, which constituted 449 (8.6%) of the total sample of 5197 participants. We further analyzed the data comparing risk within the diabetic group, the IGT group, and the group with neither diabetes nor IGT. The age-, sex-, and race-adjusted relative risk values for incident CHD were as follows: no subclinical disease was taken to have a value of 1; in the diabetic category, subclinical disease was 2.2 (CI 1.4 to 3.3), incident stroke was 1.8 (CI 1.0 to 3.2), and CHF was 1.4 (CI 0.8 to 2.3); in the IGT category, incident CHD was 1.8 (CI 1.2 to 2.8), stroke was 1.8 (CI 1.0 to 3.5), and CHF was 1.9 (CI 1.1 to 3.4); and in the category with neither diabetes nor IGT (no subclinical versus subclinical), incident CHD was 1.4 (CI 1.0 to 1.8), stroke was 1.7 (CI 1.0 to 2.8), and CHF was 1.3 (CI 0.9 to 2.0).
New Diabetics and Prevalent Diabetics
We further studied whether the increase in incident CVD among diabetics was related to whether diabetes was newly diagnosed or prevalent at baseline. The diabetic participants were stratified into those with known (prevalent) DM and those with newly diagnosed DM (Figure 3 ; Table III, online) . There were 214 (74%) of 397 prevalent diabetics and 294 (73%) of 405 new diabetics with subclinical CVD at baseline. In all CVD categories, incident disease was higher for those with prevalent DM than for those with newly diagnosed DM. For those with prevalent DM, incident CVD event risk increased whether or not subclinical CVD was present at baseline. On the other hand, for those with newly diagnosed DM, risk of incident CVD increased only in the presence of prevalent subclinical CVD (relative risk 2.0, CI 1.4 to 2.9), but no subclinical disease had a relative risk of only 1.0 (CI 0.5 to 1.9).
The analyses presented so far were based on the WHO criteria for diabetes. We also evaluated the relation between subclinical disease and risk of clinical CVD among newly diagnosed diabetic participants at the baseline by using the new ADA criteria. For deaths, the rate was 46.1 per 1000 person years, and relative risk adjusted for age, sex, and race was 3.2 for diabetes and subclinical disease on the basis of the ADA criteria; for WHO criteria, the rate was 37.9 per 1000 person years (relative risk 2.7). Similarly, for total CHD, the rate was 33.9 per 1000 person years on the basis of the ADA criteria (relative risk 2.2) and 32.1 per 1000 person years (relative risk 2.0) on the basis of the WHO criteria for a combination of diabetes and subclinical disease versus no subclinical disease and no diabetes.
Men and Women
The relations between incident events (known and newly diagnosed), diabetes, and subclinical disease were similar for men and women (Table IV, online). Rates were generally higher for men than for women within each category of diabetes and subclinical disease.
Time to Event and Disease Risk
The associations of subclinical disease with risk of clinical disease could be time dependent from measurement of subclinical disease to the event. The statistical tests for the interaction of exposure status with time to event were borderline significant (Pϭ0.08) for total mortality and inci- dent stroke (Pϭ0.07) but not for incident CHD (Pϭ0.30); risk was slightly higher earlier in the follow-up.
Multivariate Analysis
Multivariate Cox regression analysis was performed. Subclinical disease was a strong independent risk factor for CVD mortality among diabetic participants (fully adjusted relative risk 2.51, CI 1.05 to 6.01; Table 2 ). Creatinine and diastolic blood pressure were the only other significant independent risk factors for CVD mortality in the stepwise regression analysis. The fasting glucose level among the diabetic participants was not a significant predictor of CVD mortality, with an adjusted relative risk of 1.04 (CI 0.95 to 1.14). The relative risk of subclinical disease and total mortality ( Table 2) was weaker (relative risk 1.50, CI 0.93 to 2.41) than for CVD mortality. Cigarette smoking, creatinine levels, and fasting glucose were predictors of total mortality.
A similar multivariate analysis was performed for incident MI and for incident CHD (Table 2) . Subclinical disease was a significant predictor of incident MI (relative risk 1.93, CI 0.96 to 3.91). Subclinical disease and total incident CHD (adjusted relative risk 1.99, CI 1.25 to 3.19), which included both MI and angina pectoris. Diastolic blood pressure, triglyceride, and fasting glucose levels were also significantly associated with total incident CHD. There was no association of LDL cholesterol, HDL cholesterol, body mass index, waist circumference, fibrinogen, systolic blood pressure, and any of the 4 outcomes in the multivariate models shown in Table 2 . We also performed the same multivariate analysis excluding the subclinical disease measures. The coefficients were similar with subclinical disease included or excluded. The coefficients for LDL cholesterol and total CHD risk increased to 1.10 (CI 1.00 to 1.20, PϽ0.05) from 1.08 (CI 0.98 to 1.18, PϭNS).
The relative risk for incident CHD and subclinical disease adjusting only for age, sex, and race was 2.2; after adjustment for all risk factors above, relative risk was 1.99, a nonsignificant change.
Discussion
The results of the present study have important implications for understanding the risks and potential prevention of macrovascular disease among older diabetics, patients with IGT, and "normal participants." The prevalence of measures of subclinical vascular disease are very high among participants without clinical CVD. The high prevalence of subclinical disease was similar among newly diagnosed diabetics on the basis of either the WHO or the new ADA criteria.
The time of onset of clinical diabetes is not known for the newly diagnosed diabetics at baseline. Previous studies have noted a high prevalence of microvascular disease at the time of the diagnosis of non-insulin-dependent DM and have tried to estimate the duration of diabetes before clinical diagnosis. 28 IGT is an important determinant of the risk of diabetes. In the CHS study, the prevalence of subclinical disease among participants with IGT was 60% and 54% for the normal participants. These results suggest that subclinical disease may have developed before the onset of clinical diabetes, assuming that a high percentage of the participants with IGT will ultimately develop clinical diabetes, which is consistent with other studies. 29 The fasting blood glucose levels were a weak predictor of outcomes in the study. Most of the other traditional cardiovascular risk factors were also not significant predictors of the risk of CVD among the diabetics after adjusting for the extent of subclinical disease. The traditional cardiovascular risk factors are the primary determinants of the prevalence of subclinical disease. 16 We have previously demonstrated that elevated LDL cholesterol, lower HDL cholesterol, and elevated triglyceride levels, along with cigarette smoking and elevated systolic blood pressure, are important determinants of subclinical CVD. 16 Once subclinical CVD has developed, these risk factors may have a smaller association with clinical disease, especially lipid levels. However, modifications of these risk factors may still reduce the risk of clinical disease by modifying the amount or characteristics of subclinical disease or plaque stability and thrombosis. 30 -43 Neither the CHS nor any of the prior studies can document that subclinical atherosclerosis developed before diabetes or even insulin resistance. Longitudinal studies with long follow-ups and measures of subclinical disease, insulin resistance, and glucose metabolism would be required. The strong association of subclinical disease with the risk of clinical 
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CVD among diabetics does not preclude the importance of measures of microvascular disease, such as small-vessel disease, microcirculation, and autonomic neuropathy, to clinical CVD. In summary, the primary determinant of the risk of clinical CVD among older diabetics (prevalent and newly diagnosed) is the presence of subclinical disease. IGT is a risk factor for clinical CVD, primarily among participants who also exhibited subclinical disease. The prevalence of subclinical disease is very high among older diabetics, even though they were newly diagnosed at entry to the CHS. The measurement of subclinical disease may enhance risk stratification among diabetic patients.
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